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@ An apparatus for the treatment of iiloiosicaLaanipiaa and treatment methods using tfie same. 

@ An apparatus for the treatment of btologtcaf samples 
comprises: at toast one column having an adsortient layer made 
of adsorbent that fOls a part of saU oolumn, artd a reservoir 
forming ttie otfier part of aakf column: at ieast one vessel 
connected to said reservoir, said vessel being disposed so as 
to contain said samples to be supplied to said reservoir and/or 
media for treating said aampies; a means for supplying said 
samples and/or media for treating said samples from said 
vessel to said reservoir; end a means for controOIng said supply 
means. A method for the treatment of btoioglcal samples 
Involves the use of the above-mentioned apparatus. With the 
use of the apparatus, the amlysts of samples and also the 
Isolation of desired substances from samples could be done 
automatically with accurecy In a simple procedure. 
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Description 

AN APPARATUS FOR TOE TREATMENT OF BIOLOGICAL SAMPLES AND TREATMENT MEmODS USINQ THE 

SAME 


BACKGROUND OF THE INVENTION 

1. Field of the Inventfon: 

This invention relates to an apparatus for the 
treatment of biological samples, and in particular, to 
an automated apparatus for the treatment of 
samples, with a number of samples being treated at 
the same time, and with treatment being continuous; 
and to treatment methods using the same, and in 
particular, methods for the analysis and purification 
of samples from living organisms with the use of 
such an apparatus. 

2. Description of the prior art: 

Among chromatography methods for separating 
or analyzing a desired sut^stance In a sample, a 
method using high-pressure Dquld chromatography 
by which there can be a sending-llquld operation, an 
elutfon operation, and an eluate analysis operas, 
gives high performance, and Its reproducibility Is 
superior, so the method Is widely used. However, 
before samples are suppHed to the HPLC apparatus, 
In order to prevent damage to the separstion column 
tiy the large amount of Impurttiea contained In the 
samples, the samples must be treated. Also, the 
treatment of the column before Its reuse is compli- 
cated. 

in recent years, with the development in puriffca- 
tion and separation techniques, there have been 
methods developed in which smaO columns are 
used, rather than expensive equipment such as 
HPLC. and with simple column operations, analysis 
can be done with relative accuracy. SmaO columns 
are small plastic open columns filled with packing 
material, and are now commercially avallabfs as 
disposable columns. However, ana^sls by small 
columns Is always done by batchwise operoBons. 
Therefore, when a number of samples are to be 
analyzed, each sample, the washing Oquld, the 
eluent. etc., must be at constant volumes, and 
supplied to the column in the proper order, whteh 
causes difficulties. Also, by this method, because it 
Is difflcuit to carry out the treatment under uniform 
conditions, aruJytlcal accuracy is poor, and reprodu- 
dblllty is inferior. Thus, automatic analytical methods 
using small columns are needed, but the methods 
have not yet t>een realized. 

SUMMARY OF THE INVENTION 

The apparatus of this invention, which overcomes 
the above-discussed and other numerous disad- 
vantages and deficiencies of the prior art, which 
comprises: at least one column with an adsort>ent 
layer made of adsorbent that fills a part of the 
column, and a reservoir fonning the other part of the 
column; at least one vessel connected to the 
reservoir, the said vessel being disposed so as to 
contain the samples and/or media for treating the 
samples to be supplied to said reservoir; a means for 


supplying the samples and/or media for treattrtg the 

5 samplee from said vessel to the reservoir; and a 
means for controHlrig the supply means. 

In a preferred embodiment, the column Is held in a 
column holder that Is connected with an agitator. 
The method for the treatment of biologlcai 

10 samples of this invention by the use of the 
above-mentioned apparatus comprises the steps of: 
supplying the samples from the vessel to the 
reservoir via the supply means or supplying the 
samples directly to the reservoir; allowing the 

rs samples to penmeate the adsorbent layer of the 
column, which causes the adsorbent to adsorb 
components of the samples; and elutlng the compo- 
nents from the adsorbent layer by supplying the 
media for treating the samples from the vessef to the 

20 adsorbent layer via the supply means, the said 
supply of the samples end the media by tho use of 
the supply means being controlled by the controlling 
means. 

The method for the treatment of biological 

25 sannples of this invention by ttte use of the 
above-mentioned apparatus comprises the steps of: 
supplying the samples from the vessel to the 
reservoir via the supply means or supplying the 
samples directly to the reservoir; aIlowtr)g the 

SO samples to f^rmeate the adsori>ent layer of the 
column, which causes the adsorbent to adsorb 
components of the samples: supplying media for 
washing from the vessel to the adsort>ent layer of the 
column ^ the supply means, so that the adsorbent 

3S layer is washed with the media for washing; and 
eluting the components from the adsort>ent layer by 
suppiytng the media for treating the samples from 
the vessel to tiie adsorbent layer ^ the supply 
means, the said supply of the samples and the media 

40 by the use of the supply means being controlled by 
the controlling means. 

in a preferred emt>odiment, the samples suppOed 
to the reservoir of the column are pretreated In said 
reservoir with the use of media for pretreating said 

4S samples, and the media are suppOed from the vessel 
to the reservoir via the supply means or supplied 
directly to the reservoir. 

In a preferred embodiment, samples contain ceBs, 
and said cells are lysed when pretreated In the 

50 reservoir, t^ the use of media for pretreating said 
samples. 

In a preferred embodiment, the samples contain 
DNA. and the DNA Is purtfied. 
In a preferred emt>odlment, the adsort>ent Is 
55 hydro^^apatrte, and media for treating the samples 
are salt solutions that strongly interact yAth said 
adsorbent 

in a preferred embodiment, the cation component 
of the salt is ammonium or an amirte, and the arUon 
60 component of the salt is a volatile acid. 

Thus, the invention descrit>ed herein makes 
possible the objectives of: 1) providing an auto- 
mated apparatus for the treatment of biological 
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samples that can treat a number of samples at the 
same time, continuously, 2) providing an apparatus 
for treatment of samples and methods for such 
treatment In which, for the separation of desired 
substances from biological samples or the analysis 
of said samples, a pretreatment step* and analysis or 
separation steps are carried out continuously and 
automaticaDy. so that analysis or separation can be 
carried out In a short period of time: and 3) providing 
an apparatus and methods for the separation of DNA 
from samples derived from IMng organisms in a 
short period of time, with high purity and a simple 
proceduro. 

BBIEF DESCRIPTION OF THE DRAWINGS 

This Invention may t>e better understood and Its 
numerous objects and advantages will become 
apparent to those skfOed In the art by rafererwe to 
the accompanying drawings as follows: 

Figure 1 shows a schematic diagram of an 
example of the apparatus for the treatment of 
biological samples of this Invention. 

Rgura 2 (A. B and C) shows examples, in 
cross-section, of the column used in the 
apparatus of this trwention. 

Rgure 3 shows a schematic diagram of 
another example of the apparatus of this 
Invention. 

Rgure 4 Is a graph that shows the relation- 
ship of the volume of eluate from the column 
and the absoriMuice of uttravlotet fight at 260 nm 
In Example 1. 

Rgure 6 Is a graph that shows the relation- 
ship of the volume of efuate from the column 
and the absortiance of ultraviolet fight at 280 nm 
In Example 2. 

Rgure S Is a graph ttat shows the relation- 
ship of the volume of eluate from the column 
and the at>sort>ance of ultraviolet Dght at 280 nm 
In Example 3. 

Rgure 7 Is a graph that shows the relation- 
ship of the volume of eluate from the column 
arKi the radioactivity (fneasured as the ^^P 
count) In Example 4^ 

Rgure 8 Is a graph that shows the relation- 
ship of the volume of eluate ftam the column 
and ttie absortuince of ultravloiet Oght at 260 nm 
In Example 5 . 

Rgure 9 Is the electrophoretic patterns of 
purified DNA obtained in Examples 5 and 6 and 
In the comparative example. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

This invention was completed t>ased on the 
inventors* knowledge that, for example, vessels that 
contain medium for treating samples can be con- 
nected yja a medium-supply means to a single small 
column or a number of small columns filled with 
packing material (e.g^ an adsorbent), and whan the 
medium-supply means is controlled by a control 
means, it is possible to conduct an automated 
armtysis of blok>gteaI samples or an automated 
separation of specific substances from the said 
samples. Moreover, this Invention was completed 


based on the knowledge that If it Is possible to 
pretreat the samples In an empty space (i.e., 
reservoir) of the small column(s) mentioned above 
that Is not fnied with adsorbent, ft win be possible to 
5 simplify the treatment of samples. 

Rgure 1 shows an apparatus of this invention for 
the treatment of biological samples that has, for 
example, a column 1 that has an adsorbent layer 10 
and a reservoir 11, a number of vessels 2 that 

to contain media for the treatment of samples or 
samples to be supplied to the column 1, a supply 
means 3 that supplies the media for the treatment of 
samples f^om the vessels 2 to the column 1. and a 
control means 4 that controls the supply means 3, 

f5 etc.. 

As shown In Rgure 2A . for example, the column 1 
has an adsortient layer 10 made of an adsorbent that 
fills a part of the column, and also a reservoir 11 that 
forms the other part of the said column. The samples 
so can be pretreated In the reservoir 11. Components 
to be separated from the samples are adsorbed on 
the adsorbent layer 10. Filters 13 and 12 are 
disposed in the space between the adsort>ant layer 

10 and the re^rvoir 11 and in the space between the 
2S adsorbent layer 10 and the end of the column, 

respectively. At the bottom of column 1 (that is. at 
the end of the cofumn toward the adsorbent layer 
10), there Is an outiet 14 for the outflow of eluate. 
There is a coDection tuba 15, with a valve 19 tiiat la 

30 connected to tfie outlet 14. At the upper end of 
column 1. Ih&TB b a stopper 16 by whk:h the Inside of 
column 1 can be made alr-tlght, arKi there is also a 
system made up of tube 17 and value 18 for the 
purpose of opening column 1 to atmospheric 

3S pressure. The column 1 is connected to a tUba 30, 
which supplies medium (pretreatment liquid, wash- 
ing liquid, eluent, Dquld for the regeneration of the 
column, etc.) for the treatment of samples. 
This column 1 has, for example, as shown in 

40 Rgure 2B, the ads«t>ent layer 10 and the reservoir 

11 in separate parts, whteh can be connected by a 
tut>e 20 of appro|Xlate length. Moreover, for 
example, it Is acceptable If the adsorbent layer 10 
arul the reservob* 11 are separate but connected by 

45 connecting section 21 to be almost one part, as 
shown In Rgure 2C. 

The plural vessels 2 mentioned above are a0 
connected to the reservoir 11 of the column 1 ^ 
tubes 31 which are included in the supply means 3. 

GO These vessels can, for example, be vessels 20, 21, 
22, 23, 24 and 25. which contain washing liquid, 
eluent, DqukI for the regeneration of the column, or 
the Dke. There various solutions are media for the 
treatment of samples. When there is a large volume 

SS of sample, a vessel or vessels to contain the said 
sample ara added to this system. If the vessels are 
supplied with sample, the sample supply can also be 
automated. When media for sample treatment other 
ttian the above are used, these media for sample 

eo treatment are put in separate vessels connected to 
the same tube 31. 

The supply means 3 Is provided to supply sample 
and the media for sample treatment In the vessels 2 
to the column 1. This supply means 3 Is composed 

€5 of. for example, tubes 30 and 31, pump 32, arKi 
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stopper 33. One end of the tube 30 Is connected to 
ttie reservoir 1 1 by being passed through the column 
stopper 16 of the column 1. The other end Is 
connected to the tube 31 }m valve 33. The tube 31 Is 
connected to the vessels 20. 21, 22, 23. 24 and 25. 
The pump 82 can be disposed on a given portion of 
the tube 30. The media for samfde treatment or the 
samples In the vessels are supplied from the vessels 
2 by the power of the pump mentioned above 
through the tubes 31 and 30 to the column 1. The 
valve 33 Is a switching valve tf^ can be switched so 
that a particular vessel antong thd pttral vessels 2 
can be connected with column 1. The pump 32 need 
not be a high-grade pump such as one for use in 
HPLC; the pump can be an ordinary one that can be 
connected to a number of tubes. By operation of the 
valve 33, any of the plural vessels 2 can t>e selecth^ly 
connected to the column 1 via the tubes 31 and 30. 
depending on need. As this valve, ordinarily, a 
switchable valve can be used. 

Control means 4 can, for example, be a computer, 
and is connected to pump 32, valve 33, and the 
column agitator 6 and fracticMi collector 7 that wfll be 
described below. This control means 4 is provided to 
control the flow rotes maintained by the pump, the 
switching of the valves, the movements of the 
fraction elector, and the like. Thte control means 4 
makes possible the automation of the amount of 
sample or media for the treatment of sample by the 
pump and the selective connection of the vessels 
and the column; for example, a control means tftat Is 
a computer selects a certain vessel among the plural 
vessels 2. based on informatkMi that was prevtously 
^put thereinto, and supplies a fbced amount of tlie 
madia for sample treatment or of the sample In the 
vessel to column 1. Also, when a number of samples 
are being ai^lyzed by the use of a number of 
cdlumns and a fraction collector, the control means 

4 can select the desired coQecOon vessel 70. 
Column 1 1s usinOy supported by a column holder 

5, wluch has a pair of holders 50 so that column 1 
can be held vertically, and a fixed plate 51 et one side 
of which each holder 60 fixed. This column hokier 

5 can also be connected to agitator 8. The agitator 6 
effectively agitates end mbces the sample charged in 
the reservoir 11 of the colunw. Therefore, prstreat- 
ment (which will be descrfbed below) of the sample 
Is carried out effectively. Furthermore, the adsorp- 
tion of certain components In the sample can be 
accelerated, and the washtrig of the adsorbent by 
the media for sample treatment can also be 
accelerated. This agitator 6 Is connected with the 
column holder 5. The agitator 6 has a revoh^ng sfurft 
60 that is provided in the center portion of the fbced 
plate 51 of the column holder 5, and a supporter 61 
that rotatably supports shaft 60 at both of its ends. 
For this column holder 5 and agitator 6. the holders 
50 are supported so that they can rotate around the 
supporters 61 via the fixed plate 51 and the revoh/lng 
shaft 60. Accordingly, this agitator 6 can agHate 
column 1 by the rotation of the revolving shaft GO. As 
column 1 . a number of columns can t>e used, and in 
tfiat case, so that the collection of eluate from the 
column proceeds readily and effictently, a fraction 
collector can be provided. An example of the 


apparatus of this Irwention that has such a fraction 
collector is shown in Figure 3, wherein a number of 
tubes 30 are connected to a number of columns and 
the valve 33 vto pump 32. The fraction collector 7 that 
5 Is provided at the outfkw end of the plural columns 1 
Is placed in such a way that the plural columns 1 
correspond to fraction tubes of the traction collector 
7. 

The apparatus and tfie methods of tl^ Invention 

fo can be used for the analysis of samples of various 
biological origins and also for the ser»JHtlon of 
de^ed substances from said samples. With this 
invention, because the treatment apparatus ftas a 
column with areservotr, it is possible to carry out the 

fs pretreatment of samples before the treatment of the 
samples in this reservoir. The pretreatment of the 
samples can Invoh^e. for example, the lysis of cells 
of, for example, mksroorganlsms. etc., the denatura- 
tlon of protein, an extractfon step, and the like. The 

20 apparatus and ttte methods of this invention are 
appropriate for Isolation of DMA from samples that 
contain ONA, and In particular, from samples that 
contain, cells such as bacteria cells, et& The 
apparatus and the methods of the Invention are 

2S especially suited for the separation of plasmkJ DMA 
of the molecular mass on the order of 10^ daltons 
from ceDs of E^terichla coP and for the separation 
of DMA of higher molTOular weight, with nnolecular 
mass on the order of 10* daftons. The apparatus artd 

30 the methods of this invenfion can be used with cells 
other ttuin those of E.COD ; for efxample, they can be 
used with eukaryotle ceDs. 

For the apparatus described above, the kind of 
adsort)ent that Is used to fill Uta column or C(riumns. 

35^ the Mnds of media for samite traatment (for 
example, washing liquid and eluent), end tfie Dke are 
diffmnt dependir^g upon the proposed use of the 
apparatus, and can be chosen so as to be 
approprtete for the Intended use. As the packing 

40 (i.e.. adsort>ent) for column 1, there are, for example, 
ion-excr^ge gels, gels for reversetf-pfmse sys- 
tems, and gels for nomnalrphase systems. As 
lon-exchartge g^ there are D£AE-8epharose. 
QAE-Sef^arose. CM-Sepharose, SP-S^>harose, 

45 and the Dke. As gels for reversed-phase systems, 
there are, for example, Cia-^ca gel, r^riyt-siUca 
gel, and so on. As gels for normal-ptuise systems, 
there Is sll^ gel. etc As other adsorit>ehts that can 
be used, there are, for example, hydroxyapatite, 

50 starch, celiutose. and activated carbon. For example, 
when only double^stranded ONA (dsDNA) Is to be 
selectively adsoribed from a sample that includes 
DMA, hydroxyapatite te suitable for use. 
The pare size of the filters should be 5-100 ^m, 

55 and is preferably within the Dmlts of 20-70 ^m. The 
pore size of 40 ^m or less Is particularfy a^ropriate. 
If the pore size Is less tfian 5 pm, the resistance of 
the filter becomes large, and this will not aOow 
sufficient permeation of the sample into the adsort>- 

€0 ent layer. If ttia pore size Is more than 100 pm, the' 
sample and ttie pretreatment medtet wID not be 
retained In the reservoir, but wrill soon ftow through 
the adsori>ent layer, so that pretreatment to be 
referred later) of the sample In the resen^tr will not 

es be carried out. 
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As pretreatment media that can be used in the 
pretreatment of samples (Inctudlng the lysis of 
bacterial ceHs, the denaturatlon of protein, a step or 
steps of extraction, and the like), there are. for 
example, solutions containing dete^ent. salts, iytic 
enzymes, alkali, chelating agents, chaotropic 
agents, urea, and so on. Chelating agents or lytic 
enzymes can be used, for example, in methods by 
which DNA Is to be Isolated from cells, to weaken the 
cell walls In the step of cell lysis. As chelating agents, 
there are ettiytenedlamlnetetraacetic add (EDTA), 
8-hydroxyqulnonne, etc As lytic enzymes, there are 
lysoryme. proteinase K. and so on. Detergents are 
used to lyse ceO walls that have been weakened by 
the lytic enzymes or the chelating agents. As 
detergents, there are sodium dodecyfbenzene sulfo- 
nate (SDS). Trfton X-100, Nonldet. and N-lauroytsar- 
cosine. For example. SDS can be used at a 
concentration within the Omits of 0.1-2(Vb: the limits 
of 0.5-1 are preferable. Urea is generally used at 
the concentration of 2-8 M. The corvcentratlon of 8 M 
urea corresponds roughly to the concentration of 
urea at saturatkm. When the sample to be treated 
contains E. coll. the preferable composition of the 
pretreatment media Is 02 M NaOH, 1^^ SDS, 50 mM 
Tris^HCI (pH 8.0), 10 mM EDTA. and 1 mg/ml 
lysozyme. When the sample contains eukaryotic 
cells, the referable composition of the pretreatment 
media Is 1 M NaCI. 1<Vb SDS, 50 mM Trls*HCt (pH 
8.0). 10 mM EDTA. and 1 mg/ml proteinase K. 

As the ehient used \n the elutim step, a solvent 
that interacts strongly with at least one of the 
components [thai are anion and cation) of the 
adsorbent, and preferably with t>oth of the compo- 
nents, can be used. For example, when hydro^- 
patlte (the main Ingredient of which Is calcium 
phosphate) is used as a adsorbent for the Isolation 
and purification of DNA. a solvent tttat interacts 
strongly with at least one and preferably t>oth of the 
phosphate component and the caldum components 
of sakJ calcium phosphate can be used, and in 
particular, a solution of salt that forms another saft 
substantially insoluble In water Is appropriate. For 
such a saJt, a salt with a small dissociatk>n coefficient 
that has Mgh affinity for nucleic acids such as DNA is 
preferred. Also, raits can be selected that are 
soluble In water and alcohols and that cannot be 
pre^itated by ethanol. For example, when hydrox- 
yapatite is used as the adsorbent. cart>or\lc acid, 
organic acids such as formic acid, acetic acid, 
prc^ionic acid, etc^ are preferred as the anionte 
component. As the catlonic component, ammonia; 
alkyl amines such as (fiethytamine, triethytamlne, 
etc.; alkano! amines such as ethanolamlne, propane- 
lamlne, etc.; and aromatic amines such as pyridine, 
aniline, etc. are suitable. As a solvent containing 
salts viffth these kinds of components, trlethy- 
lamlrie«carfoonate buffer is particutarly suitable. 
Triethylamlne*cartx>itate buffer is volatile, so with Its 
use. It Is possible to obtain DNA at a high degree of 
purfRcation by the evaporation of the advent In the 
eluate that contains the DNA or t>y the freeze-drying 
of the eluate. 

The concentration of tfte eluent depends on tf>e 
Idnd of the eluent that is used. For example, wtien 


trfethylamlne»carbonate buffer is used, the concen- 
tration should be 10 mM or more, and for preference 
50 mM-2 M; the most preferable limits are 100 mM-1 
M. With such a low cortcentration of 50 mM or less, it 
5 is possible to elute DNA from the hydroxyapatite. 

In the washing liquid for use In the washing of the 
adsorbent, ordinarily, chelating agents, chaotropic 
agents, etc. are Included. As these chelating agents 
and chaotropic agents, any of the reagents used In 
10 the pretreatment media can be employed. 

With the use of the apparatus of this invention, 
biological samples can be treated In. for example, 
the following procedure, with reference to Rgure 1. 
First sample from vessel 20 and pretreatment 

IS medium from vessel 21 are suppRed in this order to 
the reservoir 11 of column 1 by means of the supply 
means 3. In tNs reservoir 11. pretreatment of the 
sample is done. For samples that require no 
pretreatment. ana tor samples ttiat have already 

20 been treated, the supply of the pretreatment 
medium and the step of pretreatment are unnecess- 
ary. It Is also acceptable if the sample and the 
pretreatment nnedium are supplied directly to the 
reservob- 11 with the stopper 18 being removed. 

2S When pretreatment Is carried out in the reservoir 11, 
It is eflective to move the column by the column 
agitator 8 to accelerate the pretreatment that Is 
carried out in reservoir 11. Neid, a valve (not shown 
in the figure) provided in stopper 16 Is opened, so 

30 that column 1 becomes an 0|3en system and so that 
the pretreated sample in reservoir 11 wiO penmeate 
the ad5ort>ent layer 1. Alternatively, valve 33 is 
turned so ttuit air Is made to flow to the reservoir by 
tfie pump 32 via a tube 31 that is open to the outside 

35 of tfils system, resulting In the permeation of the 
pretreated sample In the reservoir 11 to the 
adsorbem layer ID. Furthermore, an approprtate 
medium is provided to the reservoir 11 from vessel 
22 t>y msaris of the su|>ply means 3. so that the 

40 pretreated sample In re^rvolr 11 Is supplied to the 
adsort>ent layer 10. Here, the substance In the 
sample that Is to be measured or Isolated adsorbs to 
said adsort>ent \syer 10. Next, washing medium Irom 
vessel 23 is, if necessary, supplied to column 1 by 

45 means of the supply means 8. and wasMng takes 
pteca; then, the valve 33 Is turned, and eluent is 
supplied trom vessel 24 to column 1. In this way. the 
desired component tfiat has adsorbed to the 
adsorbent layer 10 Is eluted. The eluate is guided 

so Into a suitable apparatus for measurement and 
assayed; or the desired component is obtained by 
the pooling of certain ehiate fractions. After elution. 
when the column Is to be regenerated and r^sed. 
the vahre 33 Is turned again and regenerating 

55 medium is suppfled from vessel 25 to column 1. 
Wtien the apparatus Is equipped with plural columns, 
a large rtumber of sample can t>e treated at the same 
time. Also, if a fraction collector is attached to 
column 1, It becomes possible for treatment to be 

$0 oontlrujous. 

For example, by the method described above, 
when DNA is to be isolated from bacteria, a 
suspension ttiat contains bacteria Is used as a 
sample; and as the pretreatment medium, a solution 

65 containing lytic enzymes such as lysozyme protel- 
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nase K. etc.; chelating agents such as EDTA, etc.; 
detergents such as SDS, etc.; and the Hko can l>a 
used. By the supply of this kind of pretreating media, 
the bacterial cells In the reservoir 11 of column 1 are 
lysed. That Is, the cell walls of the bacteria are 
weakened by the lytic enzyme and the chelating 
agent and lysed by the detergent. The solutton of 
lysed bacteria that Is obtained Is supplied to the 
adsorbent layer so that tt comes Into contact with 
the adsort>ent. Hydroxyapatlte or the iike is suitable 
for use for the adsorbent, and for example, when a 
medium of 0.15-0^ M phosphate buffer Is used as 
solvent the double stranded DMA (dsDNA) In the 
solution of lysed bacteria Is selectively adsorbed. 
The RNA, proteins, carbohydrates, etc., that are also 
In the solution of lysed bacteria are eluted from 
column 1 without being adsorbed. The adsorbent 
layer with the DNA as adsort>ate is suppfled with 
washing medium from vessel 23 so as to remove 
contaminants such as RNA. proteins, cartx>hy* 
drates, etc., that are remaining in the adsorbent 
Next, the adsortent layer 10 is supplied vfim and 
brought into contact with eluent from vessel 24. For 
example, when hydroxyapatite carrying DNA as 
adsorbate Is brought Into contact with triethy- 
lamine«cart>onate buffer, the cart>onate binds to tlie 
calcium component of the hydroxyapatite,. resulting 
In calcium cartx^nate, which Is sut>stantlalty Insoluble 
In water. Also, the triethylamine binds to ttie 
f^osphate component of the hydraxyapatite, resuit- 
Ing in a saft Thus, the DNA is released from the 
hydroxyapatite. For example, when a column of 
hydroxyai^rtite Is eluted with 2 bed volumes of 
trtethyiaminevcafbonate buffer, almost all the ad- 
sort>ed DNA can be recovered. The eluate collected 
In this way is generally treated by the ethanol 
precipitation method, resulting in purified DNA. 
Because the triettiylam&ie carbonate In the solution 
is dissolved in ethanol, It does not precipitate with 
the DNA, and therefors does not lower the purity of 
the DNA obtained. Instead of by the ethanol 
prectpttatlon method, the triethylamine cartxMiate 
can be removed (l*e., the removal of the salt can be 
achieved) by evaporatton of the solvent urtder 
reduced pressure or by fteeze-drying, by which 
means DNA of high purtty Is obtained. 

The methods of this frivention for the treatment of 
sample can be used not only for the Isolation and 
purfficatlon of DNA as described above, but also for 
the dissolving and extraction of proteins. 

Example 1 

Purfflcation of synthetic DNA oligomers 

By the solid-phase method, DNA oligomer with 15 
nucleotides was synthesized. Of the protective 
groups for this DNA oligomer, the protectivB groups 
for the t^ase portion and the phosphate portion were 
removed by the usual methods, and only the 
hydroxyl group at the 5'-termtnu3 was left to be 
protected by dimethoxytrityl group. AO of the 
procedures above were carried out by an automated 
DNA synthesizer. However, during the process of 
synthesis, DNA oligomers that had no protective 
group at the 5'*termlnus (referred hereinafter as 


6'-OH-DNA) were formed. These DNA ollgomsrs 
were removed as frnpurities as described below. 

The apparatus shown in Figure 3 was used. There 
were 10 columns 1, and the fraction collector 
5 receptacle 71 had 10 coOecting vessels 70. For the 
columns 1, columns with the internal diameter of 1 
cm, flQed with about 5 mi of Cis-sllica gel and 
equnibrated with 50 mhA trfethyiamlne-ecetate buffer 
(pH 8.0) were used. One second mDtllitere of a 

10 solution of the DNA oligomers syntiteslzed as 
described above was put into each of the reservoirs 
11 of these columns 1. The solution of DNA 
oligomers mentioned at>ove permeated into the 
adsorbent lE^r 10 from the reservoir IT tjy its own 

fS weight and was adsorbed onto the adsort^ent in the 
adsorbent layer 10. To these columns 1 with DNA 
oligomers as adsorbate, a column stopper 16 was 
attached, and then a supply means 3 and vessels 2 
were connected. The vessel 20 was supplied with 50 

20 mM tristhytamlne-ecetate buffer (pH 8.0), vessel 21 
with 15Ctft> acetonttri1e-50 mM triethylamina-acetate 
buffer (pH 8.0), and vessel 22 witf) acetonftrfle- 
50 mM triettiylamirte-acetate buffer (pH 8.0). 
Step 1 CWashing): Valve 33 was operated by 

25 control means 4 so as to avppiy 5 ml of 50 mM 
trtettiylamlne-acetBteiMiffer (pH 8.0) to the columns 
1. This buffer was suppUed from vessel 20 by means 
of pump 82, passing through tut>e8 31 and 30. This 
buffer washed the adsort>ent layer 10 In the columns 

30 1. 

Step 2 (Washing): Next, control means4 switched 
valve 33 to vessel 21. From this vessel 21, In the 
same way, columns 1 were supplied with 10 ml of 
leojb acetonltrfIe-60 mM tristtiytamlne-ecetate tniffer 

39 (pH 8i)}, which washed the adsort>ent Ic^ 10 of 
cc^umn 1. This washing procedure eluted the 
5'-OH-DNA that %vere impurities and that had 
adsortmd to the adsorbent tn the adsorbent layer 10. 

Step 3 (Budon): Next, control means 4 operated 

40 to switch valve 33 to vessel 22. From this vessel 22, 
In the same way, column 1 was supplied wRh 5 ml of 
35<Vb 8cetof\ltile-60 mM triethylamlne-acetate buffer 
(pH 8^}. Thb eluted the 5'-<fimethoxytrftylated 
oOgo-DNA (refened hereinafter to as 6'-OMTr-DNA) 

4S that had adsorbed to the adsorbent in adsort>ent 
layer 10. 

The results of elution of the 5'-DMTr-DI^ were 
monitored by the absort>ance of ultraviolet light at 
280 nm on a UV spectrophotometer. The results of 

so these pitrtHcation steps In tenns of the elutlon 
results are shown fri Figure 4/ 

As can be seen from Figure 4, Step 2 of washing 
etutes the S'-Off-DNA, and the elution step elutes 
the S'-OMTr-DNA. 

55 By the procedure described above. 10 samples 
were suf^iled to 10 columns and were treated at the 
same time. The results Obtained showed that all of 
the samples gave almost the same elution results, 
which shorn that this apparatus for the treatment of 

60 sam^des was effiectlve for use in the purification of 
DNA oligomers. 

Example 2 
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Purification of mouse monoclonal antibody 

Column 1, with an inner diameter of 8 mm, was 
packed wfth 1 ml of Affi-gel Protein A (Bio-Rad 
Laboratories; affinity get fixed with Protein A and 
equilibrated with 10 mM sodium phosphate In 0.15 M 
Nad buffer (pH 8^)), resulting In an adsorfc>ent layer 
10. To column 1 packed in this way with adsorbent, a 
column stopper 18 was attached, and then a supply 
means 3 and vessels 2 were connected, so as to 
construct the apparatus shown In Rgure 1. Vessel 
20 was supplied with mouse serum diluted twofold, 
vessel 21 with 10 mM sodium phosphate-0.15 M 
Nad buffer (pH 8^). vessel 22 with a 0.1 M 
glyclne'Hd buffer (pH 3.0). and vessel 23 with 10 
mM sodium phosphate-0.15 M Nad buffer (pK 8.2), 
Step 1 (V^ashlng): Control means 4 operated the 
valve 33. switching said valve so as to supply column 
1 with 1 mi of the mouse serum. This mouse serum 
was supplied from vessel 20 through tubes 31 and 30 
by means of pump 32. This mouse serum permeated 
into the adsorbent layer 10 from the reservoir 1 1 , and 
adsorbed to the adsorbent Next, the control means 
4 sv^tched valve 33 to vessel 21. From this vessel 21 , 
In the same way, column 1 was supplied with 20 ml of 
10 mM sodium phosphate^.15 M Nad buffer (pH 
8J2), and this washed the adsorbent layer 10 to 
which the mouse serum had adsorbed. 

Step 2 (Elution): Next, the control means 4 
sMntched the value 33 to vessel 22. From this vessel 
22. In the same way, column 1 was supplied with 10 
ml of the 0.1 M glyclne«Hd buffer (pH 3.0), which 
eluted the monoclonal antibody fn the mouse serum 
that had adsorbed to the adsorbent In the adsort>ent 
layer 10. 

Step 3 CWa^ing): After the elution step, fn order 
to regenerate column 1, 20 ml of 10 mM sodium 
phosphate-0.15 M Nad buffer (pH 8.2) was supplied 
from vessel 23. The column 1 was regenerated by 
being washed with the buffer. 

In these steps of the procedure, the operation of 
the valve, the adjustment of flow from the pump, the 
movements of the fraction collector, and the like, 
were all controlled by a microcomputer (which is the 
cof^rol means 4). The elutk>n of the morK>clonai 
antibody in the mouse serum was monitored by the 
absori>ance of ultraviolet Dght at 280 nm on a UV 
spectrophotometer. Tl^ results of the elution pat- 
tern by these steps are shown In Figure S. 

It can be seen from Rgure 5 tfiat by this 
procedure, monoclonal antibody In the mouse 
serum were eluted wfth Ngh purity. 

Example 3 

Purtfteatkan of serum albumin 

Column 1. with an inner diameter of 15 mm and a 
length of 50 mm. was packed with 5 ml of 
km-exc^uuige resin (QA£ Sephadex A50: Pharma- 
cia) resulting In an adsorbent layer 10. Then 1 ml of 
bovine serum was put into the reservoir 11 of column 
1 as the sample. TMs bovine serum permeated Into 
the adsorbent layer 10 from the reservoir by Its own 
weight, and was adsorbed to the adsort>ent To the 
column 1 that contained t>ovlne serum adsorbed in 
this way, a column stopper 16 was attached, end 


then a supply means 3 and vessels 2 were 
connected, so as to construct the apparatus shown 
In Figure 1. Vessels 20, 21, 22, and 23 were supplied 
with Tris»Hd buffer at the concentrattons of 0.1 , 0.2. 
5 0.3, and 0.4 M, respectively. Then, control means 4 
operated valve 33, and supplied 10 ml of 0.1 M 
Trts*Hd buffer to column 1. Said buffer was 
supplied by pump 32 from vessel 20 through tubes 
31 and 30. In the same way, 10 ml of the Tris*Hd 

w buffer at the concentrations of 0J2, 0.3, and 0.4 M 
was supplied In this order from vessels 21, 22. and 
23, respectively, to column 1. The supp^ of the 
Tris»Hd buffer at the concentrations of 0.1 , 0.2, 0.3, 
and 0.4 M to the column brought about elution steps 

IS 1, 2, 3, and 4. respectively, in elution step 1, 
fanmunoglobulin G (IgQ) was eluted, and in the other 
elutton steps, serum albunrUn was eluted. Also, for 
each concentration of Tris^Hd buffer, a different 
amount of serum albumin was eluted. The elution of 

^ the serum albumin In bovine serum was monitored 
by the absortsance of ultraviolet light at 280 nm 
measured by a UV spectrometer. This purification 
gave the elution pattern shown In Figure 6. 

it can be seen from Rgure 6 that the amount of 

S5 serum albumin ^uted t>y each concentration of 
Trfs*Hd buffer was different In elution step 1, no 
serum a&>umln was eluted. but IgG was. 

Example 4 

30 

Purification of DNA radlolabeiled by the nick 
translation method 

Column 1, with an Inner diameter of 5 mm was 
packed whh about 5 ml of Cia-slllca gel that was 

ss equmbrated witti 50 mM Trts«Hd buffer (pH 7.5), 
resulting bt an adsorbent layer 10. One hundred 
nanograms of DNA was labelled with p^P]dCTP by 
the usual method (Le.. the nick translatton method), 
arKf the reaction mbcture (100 fU) was charged Into 

40 the resertfolr 11 of this column 1. This reaction 
mixture containing radlolabened DNA permeated 
Into ttte adsort>ent layer 10 from the reservoir 11 by 
its own weight* where It adsorbed to the adsort>ent. 
To column 1. wMch contained radlolabeiled DNA 

4S adsort>ed in this way, a column stopper 16 was 
attached, and then supply means 3 and vessels 2 
were connected, to construct the apparatus shown 
In Figure 1. Vessel 20 was supplied with 10 mM 
Trls»Hd buffer (pH 7.5) contalnlr^ 1 mM EDTA, and 

so vessel 21 was supplied wfth SQCVb methanol. 

Step 1 (Washing): Valve 33 was operated by the 
use of control means 4, so that 5 ml of the 10 mM 
Trls^Hd buffer (pH 7.5) containing 1 mM EDTA was 
supplied to column 1. Said buffer was supplied by 

ss pump 32 through tubes 31 and 30. This buffer 
washed the adsorbent layer 10 of column 1, This 
washing step washed away the salts and ^^P-dCTP 
that had not been adsorbed. The radlolabeiled DNA 
and proteins such as enzymes, adsorbed strongly to 

60 the adsorbent and were not washed away. Next, by 
the use of control means 4, valve 33 was switched to 
vessel 21. 

Step 2 (Elution): F^om this vessel 21, In the same 
way, 1 mi of SOiVb methanol was supplied to column 
6S 1, which eluted the radlolat>elled DNA that had been 
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adsorbed onto the adsorbent la^r 10 of the column 
1. With this buffer, only the radlolabeHed DMA was 
eluted, and the Impurttfes mbted wfth the DMA, such 
as prtrtelns. Including enzymes, etc., were not 
eluted. The reason is that these proteins had been 
adsorbed strongly to the adsorbent. 

The ehition of the radlotabelled DNA was moni- 
tored by the radloactMty (measured as the 82p 
count). This elutlon pattern Is shown In Figure 7. It 
can be seen from Rgure 7 that In the elutfon step, 
the S2p count Increased greatly. The 32p count also 
Increased at the beginning of the washing step, 
which reflects the radloactMty of the radtolabelled 
substances of low molecular weight such as 
32p-dCTP and the decomposition product thereof. 
These substances were not adsorbed to the adsorb- 
ent 

Example 5 

Isolation of plasmid DNA from a lysate of E. coll cells 

[Ai Culture of E. mQ 

E. ^ HB 101 ca&s that contained plasmtd 
pBR322 were cultured overnight on 5 ml of LB 
medium. A portion (1.5 ml) of this culture broth was 
centrfftjged for 5 minutes at rpm, and a 
prTCipttate of cells was obtained. 

(B) Preparation of lysate 

The cells obtained In section A above were 
suspended bi 250 ^ of 2 x TE [20 mM Trts*HCt-10 
mM EDTA (pH 8.0)}. This suspension was put Into 
the reservoir 11 of column 1 shown In Figure 2A. In 
which the valve 19 was dosed. A column stopper 16 
was attached to the column 1. and then tubes 17 and 
80 and valve 18 ware connected also. Tube 30 was 
attached to supply means 3 and vessels 2, to 
construct the apparatus shown In Rgure 1. except 
that the column 1 was of another type which was 
mentioned above, that a fraction collector was 
prtwlded, and that another tube 81 that was open to 
the outside of this system was provided. In ttie 
apparatus, the cmtrot means 4 controlled '^e 
functions of pump 32, valve 33, valves 18 and 19 Inat 
shown In Figure 1). e^ltator 8. and fraction collector 
(not shown In Figure 1). First, the valve IB of column 
1 was opened, making tfie column an open system, 
and then 50 ^ of 50 mM Trfs*HCI buffer containing 
lysoz^ne In the concentration of 1 mg/nti was added 
to the reservoir 11 of said column 1 vtei the tube 30 
from vessel 20. Valve 18 was dosed, making column 
1 a closed system, and the cells were agitated for 10 
minutes at room temperature to give a lysate. 

Next valve 18 was opened, maklrtg It an open 
system, and 20 |il of 0j5 M EDTA was supplied to the 
reservoir 11 of column 1 via tube 30. Valve 18 was 
dosed, making the column 1 a dosed system, then 
the cdumn 1 was gently^ agitated for 10 minutes at 
room temperature. In the following steps, when a 
medium was supplied to the reservoir 11, vahre 19 
was dosed and valve 18 was opened so as to make 
ttte column 1 an open system, and when any 
treatment of the sample (e.g., lysis) was carried out 
in the reservdr 11, valve 18 and 19 were closed so as 


to make column t a dosed system. After the 
agttatk>n, 10 pJ of 2q/b Triton XI 00 was added through 
tube 30, and the mbcture was left at room tempera* 
ture for 45 minutes. During this tlmSi the column was 

S continuously agitated gently. Cdumn stopper 18 
was removed and at>out 1 pCI of plasmkJ DNA 
(pBR322) labelled vM\ Jn vitro was added to the 
reservoir of column 1 for the purpose off calculation 
of the yield. Then, the column stopper 18 was 

10 attached to column 1 again. 

(C) Puriftoation of DNA 

(C-1) Column step (adsorption) 

IS To the solution containing lysed bacteriai cells 
(i.e., the lysate)ln the reservoir 11 . which solution 
was obtained In section B above, 8 volumes of 9 M 
urea-0.27 M phosphate buffer (pH 7.0) containing 
Wo SDS was added. This tHiffer was supplied from 

20 vessel 22 via tut>e 30. Then, valve i 9 was opened and 
valve 18 was dosed, making reservoir 11 a dosed 
system, and tfUs mbcture was pushed Into the 
adsorbent at the rate of 5 ml/hour by 

compressed air provided from outside by pump 32 

2S . \^ tubes 31 and 30. At the time when all of ^sate 
solution in the reservoir 11 had just been pushed 
Into the adsort>ent layer iO, contrd means 4 
controUed vah» 18, to open, and valve 19, to dose, 
so that air was not pudied Into the adsbrt>ent layer 

so 10. Bacterial components in the lysate were ad- 
6ort>ed to the adsorbent (which was 0^ ml of 
hydroxyapalite). 

(C-2) Cdumn step (Step 1 of washing) 
35 The column described above was wa^ed with 
about 20 ml of 8 urea^24 M phosphate buffer (pH 
7.0) suppOed at tiiB rate of 20 ml/hour for about one 
hour titrough tut>e 30 from vessel 23, and thus 
washing was done. The tniffer was continued to be 
40 suppDed untQ ttie optical density at 260 nm (ODzeo) 
was almost 0. During the process. Impurities such as 
RNA, proteins, cartx)hydrates, etc were removed. 

(C-3) Cdumn step (Step 2 of washing) 
45 Next, about 10 ml of TE [ 10 mM Tris»HCI-lmM 
EDTA buffer (pH 7^)] was supplied from vessel 24 
via tube 30 at the rate of 20 ml/hour for 30 minutes, 
and the urea-phosphate buffer used In section C-2 
above for washing was washed away, 

60 

(C-4) Cdumn step (Elutton) 

Next, from vessel 25, 0-1 M trtethylamine»carbo- 
nate buffer (pH BJO) was sent through column Tvia 
tube 30 at the flow rate of 5 ml/hour. An uftravtolet 

55 (UV) monitor was connected at the outiet of column 
1 and the at>sorbance at the wavelength of 260 nm 
was monitored, with the results plotted as a curve in 
Figure 8. Rgure 8 shows that most of the plasmid 
DNA was eluted in ths eluate at the beginrung of 

6X7 elution with the fractions from 0.2 to 1^ ml. The 
radloactMty of each fraction collected was 
measured, and the recovery of 3H-labded plasmkl 
contained in each fraction was calculated. These 
results are shown as a histogram in Figuro 8. Rgure 

65 8 shows thai more than of the plasmid pBR322 
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DMA was recovered. 

(G^) Isolation of DMA and evaluation of Its purfty 
To about 1 ml of ttie eluate obtained, 0.1 ml of 3 M 
sodium acetate was ackled, and then 2 ml of ethanol 
was added to precipftate the plasntld DNA (pBR322). 
The amount of the DNA was 4 |ig. About one-Afth of 
this plasmid DNA was studied by agarose gel 
^ectrophoresls. The results of electrophoresis are 
shown In Rgure 9* tetfie 2 ( lane 1 1n Figure 8 shows 
mailcer plasmid DNA (pBR322)). RNA was not 
detected, and a trace amount of host DNA was 
fotmd. The amount of host DNA was less than the 
amount of the purified DNA (the amount of host DNA 
of which was 5^ or less) obtained by a conventional 
method with the use of ribonuclease. For compari- 
son, an elactrophoretic pattern of purffied DNA 
obtained by the conventional method (In the com- 
parative Example) Is shown In Figure 9, lane 5. In 
Flgura 0. open circular DNA (ocDNA) refers to 
nicked pBR322, and closed circular DNA (ccDNA) 
refers to pBR^ that is not nicked. 

Next, the eluate collected was assayed for protein. 
The amount of protein In the eluate was below the 
tower flmtt of detection, 20 ng/ml. Thus, the DNA 
obtained was substantially pure. This DNA was 
completely digested by ttie restrictk>n enzyme Hinfl . 
so Its purity was satisfactory. 

Example 6 

Tiie same procedures were carried out as In 
Example 5 with the apparatus mentioned in Example 
5, except that the aOcafi mettK>d was used to lyse the 
E. ooB cells. 

(A) Culture and lysis of E. cofl 

C^s of E. toU were collected from a 1.5-ml 
portion of the culture broth by the same procedures 
as in Example 5A. To the cells, 100 jil of 2 x TE [20 
mM Tris*HCI-10^M EDTA buffer [pH 8.0)] was 
added to make a suspension. This suspension was 
put into the reservoir 11 of column 1. A column 
stopper 16 was attached to column 1. and tubes 17 
and 30 end valve 18 were connected* so as to 
construct the apparatus used In Examfke 5. Next, 
200 III of a solution of 50 mM Tris»Ha buffer with 
sodium hydroxide at the final cor)centration of 0.2 M 
and SDS at the final cor^centration of 0.1<Vb was 
added to this reservoir 11. Valve 18 was dos^. 
making the column 1 a closed system, and column 1 
was agitated for 10 minutes at room temperature to 
lyse the cells. 

Next, the solution In reservoir 11 (which was a 
strong aDcali) was neutralized with 150 |il of 3 M 
potassium acetate (pH 5i)). To this solution, for the 
purpose of calculation of the recovery, at>out 0.1 |iCI 
of pBR322 plasmid DNA that was radiolabelled with 
In vitro was added. 

(B) Isolation of DNA 

Column 1 was washed and the eluents were 
suppned in the same way as in Example 5. Most of 
the plasmid DNA was collected In the first fractiona 
from 0.2-1.2 ml after the start of elutlon. The yield of 
DNA was 850^ or more judged from the radioactivity 


of the ^H-tabeled plasmid DNA. These steps were 
controlled completely by a computer, and the 
procedure was finished In about 2 hours. 
To about 1 ml of the eluate obtained. 3 M sodium 
5 acetate was added, and then ethanol was added to 
prsclprtate DNA. Thus. 3 pg of plasmid DNA 
(pBR322) was obtained. This plasmki DNA was 
studied by agarose electrophoresis. The electro- 
phoretlc pattern obtained is shown In Rgure 0. lane 
fO 3. RNA was not detected, and the amount of host 
DNA was less than the amount of the purified DNA 
obtair^d by a conventional method. The host DNA 
was dffflcult to detect by ethkitum bromide staining. 
For comparison, an electrophoretic pattern obtained 
15 In the comparative example, done by the conven- 
tional method. Is shown In Rgure 9, lane 4. 

Next, the solution obtained was assayed for 
protein. The amount of protein was below the 
detection limit of 20 ng/ml, which showed that the 
20 purfty of the DNA was satisfactory. This DNA was 
completely digested by the restriction enzyme Hinfl. 
and thus Its purity was satisfactory. 

• Example 7 

2S By the method of H. Okeyama. and P. Berg, (Mol. 
Cen. Blol^ 2. 161 (1982)), cDNA that con-esponded to 
ti)e mRNA for P-^obln from the reticulocytes of 
rabbits was prepared, and a oDNA library was made 
by the Insertion of the cDNA Into the Okayama-Berg 

30 vector. This cDNA library was then introduced into 
competent cells of the strain E. coff KB101 tttat were 
pretreated ¥M the cal<^um chloride, by whteh the E. 
cofl cells w»B transformed. The E. coll obtalrted by 
thte treatment were grown on VB agar medium 

^ containing amplcOiln, and colonies were formed. 
These colonies were transferred onto a filter, and 
with the use of an oilgo-DNA probe that corre* 
^nded to the ^-globln of rabbits, screening was 
carried out by the cdoriy hyl>ridization method. Ten 

40 positive colonies were obtained. These ten colonies 
Gf E. ^ contafried Okayama-Berg plasmlds that 
Incorporated Inserts of the cDNA of rabbit p-gfobln. 

The ten ccrionles were cultured, and the cells were 
then obtained by centrifugation of 1^ ml of the 

4S culture broth. These cells were suspended In 100 jiJ 
of a 2 X TE tniffer [20 mM Tris»HCI-10 mM EDTA 
buffer (pH 8.0]]. The apparatus In Figure 3, wliich 
was equipped with ten columns 1 shown in Rgure 
2(J^, was used. arKi the ten kinds of suspertslons 

SO mentioned above were ea^ put Into the reservoir 11 
of one of the oolumr^s 1, The ptasmids were isolated 
from the E. ralj cells and were purified in a method 
elmilar to tttat of Example 6. About 2-^ pg of each 
kind of plasmid was obtained. The DNA obtalrted liad 

56 In ft very little host DNA. as In Example 6. and the 
amounts of RNA and protein in It were below the 
detection limits, wtiich showed that purfty was 
satisfactory. This DNA was digested by the restric- 
tion enzymes Pvull and Pstt, and Its purity was 

GO satisfactory. 

Comparative Example 

The at>ove examples were aO of the use of 
treatment metfiods for t>iok»gical samples by an 
£5 automated apparatus tfiat makes use of a small 
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column or columns, based on the principles of liquid 
chromatography. Next, an example of the purifica- 
tion of DNA by the alkaO method (Le., the conven- 
tional method) will be shown. 

(A) Culture end lysis of ooli 

With the use of the same reagents as were used in 
Example 6A, the conventional manual procedure 
was employed to make a lysate, and to this, 
^H-labeled pBR322 DNA was added. To this, an 
equal volume of a phenol-chloroform mixture (1:1) 
was added to extract and remove protein, and the 
supernatant was cotlecfed. To this, an equal volume 
of Isopropand was added so that a precipitate was 
fonned. The precipitate was centrlfuged for 10 
minutes at 16000 rpm, and was washed with TOQ/b 
ethanoL The washed precipitate was then dried 
under reduced pressure so that the DisIA fraction 
was obtained. To this DNA fraction, 50 of TE buffer 
was added to dissolve the DNA. Next, to this 
solution. 2 ^1 of solution containing ritionucleasa (1 
mg/mO was added, and the mbcture was left at 37**0 
for 1 hour to decompose the RNA. To this mbcture, a 
O^^lume of an aqueous solution of 5 M Nad and a 
0.33-vokima of an aqueous solution 3(M> 
polyethylene glycol 6000 were Bdded» and the 
mbdure was chlUed at -10**C for 1 hour. The 
precipitate (which was plasntid DNA) that was 
fonned was collected by centrifugation for 10 
minutes at tSOOO rpnu Because the decomposed 
RNA would not precipitate, it was readily renrKXved. 
The DNA obtained was dissohfed in 50 pi of TE 
buffer, end to tfils, 5 (ii of 3 M NaCt aqueous solution 
was added. To this mbcture, 100 pJ of 99<Vb ethanoi 
was added, and the wtwle was chnted at -ZS'^C for 10 
minutes. The mbcture was then centrffuged for 10 
minutes at 150CK) rpm, and the DNA was coflected. 
By this procedure, the polyethylene glycol was 
removed. The DNA obtained was washed with 70W6 
ethanoi again, and dried under reduced pressure. 
The yield of OHA was 3 The electrophoretlo 
patterns of tira DNA purified with and witiiout 
ribonuclease are sham In Rgure 9, lanes 4 and 5, 
respectivety. When ribonuclease treatment was not 
done, a large amount of RNA cxintamlnated the DNA. 
When rfbonudease treatment was done, RNA was 
not detected, but the treatment process required an 
additional 3 hours. 

It Is understood that various other n)odlficalions 
will be apparent to and can be readily made by ttiose 
skilled in the art without departing from the sc»pe 
and spirit of this invention. Accordingly, it is not 
intended that the scope of the claims appended 
thereto be limited to the description as set forth 
herein, but rather that the c^laims be construed as 
encompassing all the features of patentable novelty 
that reside in the present Invention, including all 
features that would be treated as equivalents thereof 
by tfK>se sidHed in the art to which this invention 
pertains. 


Clalma 

S 

1. An apparatus for the treatment of blologi* 
cal sam^s comprising: at least one column 
with an adsort>ent layer made of ad9ort>ent ttiat 

10 fins a part of said column, and a reservoir 

forming the other part of said column: at least 
one vessel connected to said reservoir, said 
vessel being disposed so as to contain said 
samples and/or mediator treating said samples 

IS to be supplied to said reservoir: a means for 

supplying said samples and/or media for treat- 
ing said samples from said vessel to said 
reservoir; arKl a means for controlling said 
sup;^ means. 

20 2. An apparatus ac^rdlng to claim 1. wherein 

sa}d column is held in a column holder that Is 
connected with an agitator. 

3. A method for the treatment of biologlcaf 
samples by the use of the apparatus of claim 1. 

26 comprising the steps of: supplyir^ said sam- 

ples from said vessel to said reservoir v^ said 
supply means or supplying said samples d^ 
recBy to said reservoir; allowing said samples to 
permeate the adsorbent layer of said column, 

30 which causes said adsorbent to adsorb compo- 

nents of said samples; and eluting said compo- 
nents from said adsc»1>ent layer t>y supplying 
the media for treating said samples from said, 
vessel to said adsorbent layer vte said ^p|^ 

35 means, said supply of the samples and the 

medtei by ttie use of said supply means being 
controQed by said controlling means. 

4. A method for the treatment of biological 
samples by tha use of the apparatus of claim 1, 

40 comprising tf)e steps of: supping said sam- 

ples from s^d vessel to said reservoir vt| said 
supply means or supplying said samples dt- 
recUy to said reservoir aDowtng said samples to 
permeate ttte adsort>ent layer of said column, 

45 wttich causes said adsprt>ent to adsorb compo- 

nents of said senile; supplying media for 
washing from said vessel to said adsort>ent 
layer of fttB column vta said supply means, so 
that said adsoft>ent layer is washed with said 

50 media for wasiiing; and eluting said compo- 

nents Itom said adsorbent layer by supping 
the media for treating said samples from said 
vessel to said adsorbent layer via said supply 
nmans, said supply orf the samji^s and the 

^ media by the use of said supply means t»eing 

controlled by said contromng means. 

5. A method according to dalm 3 or 4, 
wherein said samples supplied to said reservoir 
of ihB column are prstreated In said reservoir 

60 with the use of media for pretreating said 

samples, said media being supplied from said 
vessel to said reservob* via said supply means or 
6U]^Iied dlrsctly to said reservoir. 

6. A method according to claim 6, wherein 
65 said samples contain cells, and said cells are 
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lysed when pretreated In said reservoir, by the 
USB of media for pretreating said samples. 

7. A method according to claim 6, wherein 
said samples contain DNA. and said DMA Is 
purified. 5 

8. A method according to claim 7, wherein 
said adsorbent Is hydroxyapatitev 

9. A method according to claim 3. 4. or 7. 
wherein said media for treating said samples 

are salt solutions that strongly interact with said io 
adsorbent 

10. A method according to claim 9. wherein the 
cation component of said satt is ammonium or 
an amine. 

1 1 . A method according to claim 9. wherein the fs 
anion component of said salt Is a volatile add. 
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